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7KLV ZRUN IRFXVHV RQ WKH SHUIRUPDQFH DQDO\VLV RI SDUDOOHO ELGLUHFWLRQDO SHULRGLF SHHUWRSHHU FRPPXQLFDWLRQ XVLQJ ,(((
FRPPXQLFDWLRQ 7KH,(((FRPPXQLFDWLRQVWDQGDUG IRUPV WKHEDVLVRISRSXODUFRPPXQLFDWLRQSURWRFROV IRU
ZLUHOHVVPHVKQHWZRUNV VXFK DV WKH=LJ%HH VSHFLILFDWLRQ ZKLFK UHFHLYHG UHPDUNDEOH DWWHQWLRQ LQ UHFHQW \HDUV EHFDXVHRI WKH
JURZLQJSRSXODULW\RIWKH,QWHUQHWRI7KLQJV 7KHKLJKUDWHELGLUHFWLRQDOSHULRGLFGDWDWUDQVIHU LVDFRPPRQO\XVHGWUDIILFW\SHLQ
PDQ\ DSSOLFDWLRQV RQ WKHVHQHWZRUNV VXFKDV FORVHGORRSQHWZRUNHGFRQWUROVHQVRUPRQLWRULQJ DQG DXGLRRUYLGHRWUDQVPLVVLRQ
$ GLVWULEXWHGDSSURDFK EDVHGRQWKHSDFNHWV UHFHLYHG ZDVXVHG WRPRQLWRUWKHSHUIRUPDQFH LQGLFDWRUVMLWWHUDQGSDFNHWORVVUDWH
RI WKH SHHUWRSHHU FRPPXQLFDWLRQ LQ HYHU\ FRPPXQLFDWLRQ QRGH $V D SHUIRUPDQFH DQDO\VLV ZH FDUULHG RXW SUDFWLFDO
PHDVXUHPHQWV LQGLIIHUHQWFDVHVZLWK DQG ZLWKRXW$&.GLIIHUHQWSDFNHWVL]HDQGSHULRGZLWK DQG ZLWKRXWSDUDOOHOFRPSHWLWLYH
WUDIILF %DVHG RQ WKH SUDFWLFDO UHVXOWVZH SURSRVHG D SDUDOOHO GDWD WUDQVPLVVLRQ WHFKQLTXH WKDW LQFUHDVHV WKH WKURXJKSXW RI WKH
VHQVRUQHWZRUN
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI³3HWUX0DLRU´ 8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV ,(((VHQVRUQHWZRUNVPHVK SHUIRUPDQFHDQDO\VLV SHULRGLFWUDIILF
 ,QWURGXFWLRQ
:LWKWKHSRSXODULW\RIWKH,QWHUQHWRI7KLQJV RQWKHULVH VHQVRUQHWZRUNV KDYH UHFHLYHG DQLQFUHDVLQJDWWHQWLRQLQ
LQIRUPDWLRQWHFKQRORJ\ 7KXV JURZV WKHQHHGIRUORZHQHUJ\FRQVXPSWLRQZLUHOHVVSHUVRQDODUHDQHWZRUNVWRUHDOL]H
IOH[LEOHUHOLDEOHDQGORZFRVWLQIUDVWUXFWXUHV
&RUUHVSRQGLQJDXWKRU7HO 
(PDLODGGUHVV VDQGRUKXQRU#VWXGXSPUR
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7KH ,(((  VWDQGDUG VSHFLILHV WKH SK\VLFDO OD\HU DQG WKH PHGLD DFFHVV FRQWURO IRU ORZUDWH ZLUHOHVV
SHUVRQDODUHDQHWZRUNV>@ZKLFK IRUPV WKHEDVLVRISRSXODUFRPPXQLFDWLRQSURWRFROVIRUZLUHOHVVPHVKQHWZRUNV
VXFKDV WKH=LJ%HHVSHFLILFDWLRQ>@7KHPDLQDGYDQWDJHRIWKHVHQHWZRUNVJULGVLVWKDWWKH\FDQWUDQVPLWSDFNHWV
RYHUORQJGLVWDQFHVZLWKORZSRZHUFRQVXPSWLRQE\ SDVVLQJWKHSDFNHWVWKURXJKLQWHUPHGLDWHQRGHVRIWKHJULG
7KH SK\VLFDO OD\HU 3+< RI WKH ,(((  ZDV LQWHQGHG WR XVH VWDQGDUG IUHH ZLUHOHVV IUHTXHQFLHV IRU
FRPPXQLFDWLRQ OLNH0+]0+]DQG 0+]XS WR .ESV WKURXJKSXW DQG VHSDUDWHV WKH DYDLODEOH
IUHTXHQF\EDQGVLQWR GLIIHUHQW FKDQQHOVWRHQVXUH D UHOLDEOHSDUDOOHOFRPPXQLFDWLRQ7KH0$&VXEOD\HUKDQGOHVWKH
DFFHVVWRWKHSK\VLFDOUDGLRFKDQQHO7KLVVXEOD\HUDSSOLHV WKH &60$&$PHFKDQLVPIRUFKDQQHODFFHVVPDQDJHV
WKH EHDFRQ DQG SURYLGHV WKH *76 *XDUDQWHHG 7LPH 6ORWV PHFKDQLVP ,W DOVR VXSSRUWV 3$1 DVVRFLDWLRQ DQG
GLVDVVRFLDWLRQ DVZHOODV GHYLFHVHFXULW\DQG LW SURYLGHVDUHOLDEOHOLQNEHWZHHQWZRSHHU0$&HQWLWLHV 7KH ,(((
 DSSOLHV WZR W\SHV RI FKDQQHO DFFHVV PHFKDQLVPV GHSHQGLQJ RQ WKH QHWZRUN FRQILJXUDWLRQ QRQEHDFRQ
HQDEOHG PRGH DQG EHDFRQHQDEOHG PRGH 1RQEHDFRQHQDEOHG QHWZRUNV XVH DQ XQVORWWHG &60$&$ PHFKDQLVP
ZKLOHEHDFRQHQDEOHGQHWZRUNVXVHDVORWWHG&60$&$IRUFKDQQHODFFHVV>@
7KLVZRUNIRFXVHVRQWKH ELGLUHFWLRQDO SHHUWRSHHUFRPPXQLFDWLRQEHWZHHQ SDLUVRI QRGHVRIDQ,(((
QHWZRUN LQ QRQEHDFRQHQDEOHG PRGH 7KLV ZRUNLQJ PRGH LV VXSSRUWHG E\ WKH PDMRULW\ RI WKH FRPPHUFLDOO\
GLVWULEXWHG,(((PRGXOHVLQFOXGLQJWKHEDVLFPRGHOV SURYLGLQJ VLPSOH WRFRQILJXUH DQGORZFRVWVHQVRU
QHWZRUNLQVWDOODWLRQV7KHPDLQJRDOLVWKHDQDO\VLVRIWKHFDSDELOLWLHVRIWKH,(((QHWZRUNVIRUKLJKUDWH
ELGLUHFWLRQDO SHULRGLFGDWDWUDQVIHUV ZKLFK DUH ZLGHO\ XVHG WUDIILFW\SHV LQPDQ\ DSSOLFDWLRQVRQ WKHVHQHWZRUNVOLNH
FORVHGORRS QHWZRUNHG FRQWURO VHQVRUPRQLWRULQJ DQG DXGLR RU YLGHR WUDQVPLVVLRQ 7KH SHUIRUPDQFH DQDO\VLV LV
FDUULHGRXW ZLWKSUDFWLFDOPHDVXUHPHQWV LQD UHDOHQYLURQPHQWE\ WHVWLQJGLIIHUHQWFRPPXQLFDWLRQSDUDPHWHUVDQG
FRQGLWLRQV
7KHVHW\SHV RIQHWZRUNV KDYH UHFHLYHGUHPDUNDEOHDWWHQWLRQLQ UHFHQW \HDUV0DQ\SDSHUVIRFXVRQWKHDQDO\WLFDO
PRGHOLQJ WKHSHUIRUPDQFHDQDO\VLVRU WKHDSSOLFDWLRQILHOGVRI WKH,(((QHWZRUNV$VXUYH\RIZLUHOHVV
VHQVRUQHWZRUNVLVSUHVHQWHGLQ >@ZKLFKHPSKDVL]HVWKHLPSRUWDQFHRIWKH,(((DQG=LJEHHVWDQGDUGV,Q
>@ D FRPSUHKHQVLYH PDWKHPDWLFDO PRGHO LV SUHVHQWHG IRU WKH 06.PRGXODWHG WUDQVPLVVLRQV XVHG WR VWXG\ WKH
SDUDPHWHUV DIIHFWLQJ WKH SHUIRUPDQFH RI WKH FRPPXQLFDWLRQ 7KH DXWKRUV RI >@ SURSRVH DQ DQDO\WLFDO HYDOXDWLRQ
PHWKRGIRUVDWXUDWHGDQGXQVDWXUDWHGSHULRGLFWUDIILFEDVHGRQWKHDQDO\VLVRI%LDQFKLIRU ,((('&) XVLQJD
SHUXVHU0DUNRYPRGHO $ FRPSUHKHQVLYHVWXG\RIWKH,(((DQG=LJ%HHVWDQGDUGVLVSUHVHQWHG LQ>@ WKDW
LV EDVHGRQVLPXODWLRQV SHUIRUPHG ZLWKWKH16VLPXODWRU3DSHU>@SUHVHQWV WKH UHVXOWVRIWKHDQDO\VLVRIWKH OLPLWV
RI WKH&60$&$PHFKDQLVPXVHG LQ WKH ,((( LQ EHDFRQHQDEOHGPRGH IRU EURDGFDVW WUDQVPLVVLRQV LQ
ZLUHOHVVVHQVRUQHWZRUNV3DSHU>@LQYHVWLJDWHVWKHIHDVLELOLW\RI=LJEHHOLNHQHWZRUNVIRUORZUDWHYRLFHVWUHDPLQJ
DSSOLFDWLRQV XVHGLQ GLVWULEXWHGVXUYHLOODQFHHPHUJHQFLHV DQGUHVFXH RSHUDWLRQV ,Q>@ D QHXURIX]]\DSSURDFK IRU
YDULDEOHELW UDWHYLGHRWUDQVPLVVLRQRYHU=LJ%HH LVSURSRVHG
 6\VWHPGHVFULSWLRQ
)RU WKH SUDFWLFDO H[SHULPHQWV VHYHUDO SDLUV RI ;%HH  6 PRGXOHV ZHUH XVHG ZLWK  *+] ZRUNLQJ
IUHTXHQF\ DQG XS WR  .ESV WUDQVIHU UDWH LQ WUDQVSDUHQW PRGH 7KH WUDQVSDUHQW PRGH RI WKLV W\SH RI PRGXOH
SURYLGHV D E\WH VWUHDP WUDQVPLVVLRQ EDVHG RQ DQ LQLWLDO FRQILJXUDWLRQ ZLWKRXW WKH QHHG RI FRPPXQLFDWLRQ
PDQDJHPHQW 7KLV VHULHV RI PRGXOHV RQO\ VXSSRUW WKH QRQEHDFRQHQDEOHG XQVORWWHG &60$&$PRGH IRU PHGLD
DFFHVVFRQWURO,QWKLVFRQILJXUDWLRQWKHSDFNHW VHQGLQJFRQVLVWVRIWKHIROORZLQJVWHSVDVGHVFULEHGLQ>@VHFWLRQ

 3HUIRUPEDFNRIIGHOD\ IRUDUDQGRPQXPEHURIFRPSOHWHEDFNRIISHULRGVLQWKHUDQJHWR%( ± ZKHUH
%(LVWKHEDFNRIIH[SRQHQW
 3HUIRUP&OHDU&KDQQHO$VVHVVPHQW&&$
 7UDQVPLWLI&&$LVFOHDURWKHUZLVH%( PLQ%(  PDF0D[%(DQGUHSHDWVWHSVXSWR
PDF0D[&60$%DFNRIIV WLPHV
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'HSHQGLQJ RQ WKH FRQILJXUDWLRQ DQG WKH SDFNHW W\SH QRQ EURDGFDVW SDFNHW D VXFFHVVIXOO\ VHQW SDFNHW FDQ EH
FRQILUPHG ZLWK DFNQRZOHGJHPHQW $&. SDFNHWV VHH >@ VHFWLRQ  ,Q WKLV FDVH WKH DIRUHPHQWLRQHG
DOJRULWKPLVFRPSOHWHGZLWKWZRPRUHVWHSV
 :DLW PDF$FN:DLW'XUDWLRQ WLPHIRU$&.IURPGHVWLQDWLRQQRGH
 'RQHLI$&.LVUHFHLYHGRWKHUZLVHUHSHDWVWHSVXSWR PDF0D[)UDPH5HWULHV WLPHV
7KHDIRUHPHQWLRQHGSDUDPHWHUVRIWKH;%HH6PRGHPDUHVKRZQLQ7DEOH>@>@
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7KHDUFKLWHFWXUHRIWKHV\VWHPXVHGIRUSUDFWLFDOH[SHULPHQWVLVUHSUHVHQWHGLQ)LJ
,QHYHU\FRPPXQLFDWLRQQRGHWKH;%HH 6 PRGXOHLVDWWDFKHGZLWKDQ;%HH6KLHOGWRDQ$UGXLQR8QR
GHYHORSPHQWERDUGZKLFKUXQVWKHFRPPXQLFDWLRQVRIWZDUHJHQHUDWHVVHQGVUHFHLYHVDQGSDUVHVWKHSDFNHWVIURP
WKH;%HHPRGHPVDQG FRPSXWHVDQG VHQGVWKHVWDWLVWLFVLQIRUPDWLRQWKURXJKD 86%56LQWHUIDFHWRD
FRPSXWHUZKLFKUXQVWKHVWDWLVWLFVVRIWZDUH 7KH86%56LQWHUIDFHVDQGWKHSHUVRQDOFRPSXWHUVZLWKVWDWLVWLFV
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VRIWZDUH DUHRSWLRQDO FRPSRQHQWV LQ WKH V\VWHP DQG DUH RQO\ XVHG WR WUDQVIHU DQG GLVSOD\ WKH VWDWLVWLFV UHVXOWV LQ
JUDSKLFDOPRGHRQ WKH FRPSXWHU
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)LJ 6\VWHPDUFKLWHFWXUH
 3HUIRUPDQFHDVVHVVPHQWPHWKRGV
7R PRQLWRU WKH SHUIRUPDQFH RI WKH SHHUWRSHHU FRPPXQLFDWLRQ LQ DQ ,(((  QHWZRUN ZH XVH D
GLVWULEXWHGDSSURDFK WR PHDVXUH WKH SHUIRUPDQFH LQHYHU\FRPPXQLFDWLRQQRGHEDVHGRQ WKHSDFNHWV UHFHLYHG ,Q
RUGHUWRPHDVXUHWKHSHUIRUPDQFHLQGLFDWRUVRQWKHDSSOLFDWLRQOD\HULQWKH$UGXLQR8QR VNHWFKDKHDGHULVDWWDFKHG
WRHYHU\SDFNHWVHQWZKLFKFRQWDLQVWKHVHQGWLPHVWDPSRIWKHSDFNHWDQGDQ LQFUHPHQWDO VHTXHQFHQXPEHU
7KHPDLQDGYDQWDJHRIWKH$UGXLQR8QRGHYHORSPHQWERDUGVLQWKHV\VWHPLVWKDW WKH\SURYLGHDQ XVUHVROXWLRQ
IRU WLPHPHDVXUHPHQWRSHUDWLRQV DOORZLQJIRU KLJKSUHFLVLRQSHUIRUPDQFHPHDVXUHPHQWV
8VLQJWKLV LQIRUPDWLRQWKHSDFNHWORVVUDWHDQGWKHUHFHLYHMLWWHUFDQEHFDOFXODWHGRQWKHUHFHLYHU¶VVLGH
7KHQXPEHURISDFNHWVORVWEHWZHHQWKHODVWWZRSDFNHWV UHFHLYHG FDQEH FDOFXODWHGXVLQJWKHVHTXHQFH QXPEHU
IURPWKHDWWDFKHGKHDGHU ZLWK HTXDWLRQ
> @ > @ > @   NVHTNVHTNORVV 
7KHUHFHLYHMLWWHUUHSUHVHQWVWKHGHYLDWLRQIURPWKHSHULRGLFLW\RIWKHUHFHLYHGSDFNHWDQGFDQEHFDOFXODWHGXVLQJ
WKHUHFHLYHWLPHVWDPSVDQGWKHVHQGLQJ SHULRGRIWKHUHFHLYHGSDFNHWV7KHYDOXHRIWKHMLWWHUPHDVXUHGRQSHULRGLF
,(((  FKDQQHOV UHIOHFWV WKH QXPEHU RI UHWUDQVPLVVLRQV RI WKH UHFHLYHG SDFNHW LQ DFNQRZOHGJHDFWLYDWHG
PRGH7KHUHFHLYHMLWWHUFDQEHFDOFXODWHGZLWKHTXDWLRQ
> @ > @ > @ 7NWNWNMLWWHU UU   
ZKHUH7LVWKHVHQGSHULRG
> @ > @ NWNW7 VV 
7KHSDFNHWORVVDQGWKHMLWWHUFDQEHH[SUHVVHGLQDVLQJOHPHDVXUHGYDOXHLI7LVFRQVLGHUHGFRQVWDQW LQHTXDWLRQ

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 3UDFWLFDOSHUIRUPDQFH HYDOXDWLRQRIWKH,((( FRPPXQLFDWLRQ
,Q WKH FDVH RI KXJH VHQVRU QHWZRUNV EHFDXVH RI WKH OLPLWHG QXPEHU RI DYDLODEOH IUHTXHQF\ FKDQQHOV SDUDOOHO
FRPPXQLFDWLRQV VRPHWLPHV KDYHWREH SHUIRUPHG RQWKHVDPHFKDQQHO 7KHPDLQJRDORIWKHSUDFWLFDOH[SHULPHQWV
LVWRDQDO\]HWKHSHUIRUPDQFHRIWKH SHHUWRSHHU ,(((FRPPXQLFDWLRQRQ WKH VDPHIUHTXHQF\FKDQQHOE\
PRQLWRULQJWKHWLPHYDULDWLRQMLWWHUDQGWKHSDFNHWORVVUDWHIRUSDUDOOHOSHULRGLFGDWDWUDIILFLQGLIIHUHQWFDVHVZLWK
DQG ZLWKRXW$&.GLIIHUHQWSDFNHWVL]HDQGSHULRGZLWK DQG ZLWKRXWSDUDOOHOFRPSHWLWLYHWUDIILF
(TXDWLRQV DQG JLYHDQ LQGLFDWLRQ IRU VHOHFWLQJ WKH VHQGLQJSHULRGRI WKHGDWD IORZV IRUGLIIHUHQWSDFNHW
VL]HVIRUH[DPSOHIRUWKH % VL]HGPD[LPXPLQFDVHRI ,(((PRGHPSHULRGLFSDFNHWVWKHPLQLPXP
VHQGLQJSHULRGKDVWREHFKRVHQIURP WKH>PVPV@LQWHUYDO
,Q WKH ILUVW SKDVH RI SHUIRUPDQFH HYDOXDWLRQ SUDFWLFDO PHDVXUHPHQWV ZHUH FDUULHG RXW ZLWK WZR SDUDOOHO
ELGLUHFWLRQDO GDWD WUDIILFV RQ WKH VDPH FKDQQHO RI WKH ,((( QHWZRUN ZLWK WKH SDFNHW VL]H DQG VHQGLQJ
SHULRG JUDGXDOO\ LQFUHDVHG DQGGHFUHDVHGUHVSHFWLYHO\ ZLWK ERWK $&.GLVDEOHGDQGHQDEOHGFRQILJXUDWLRQV
7KHPHDVXUHPHQWVVKRZWKDWLQ$&.GLVDEOHGPRGHJRRGFRPPXQLFDWLRQSHUIRUPDQFHFDQEHDFKLHYHGRQHTXDO
PVSHULRGIRUERWKFKDQQHOZLWKDQG % VL]HGSDFNHWVEXWE\LQFUHDVLQJWKHSDFNHWVL]HDOVRPRGHUDWHO\
LQFUHDVHV WKH UHFHLYH MLWWHU DQG WKH SDFNHW ORVV UDWH )LJ  D E F )RU  % SDFNHWV DOVR WKH  PV SHULRG LV
DFKLHYDEOHEXWLQWKLVFDVHWKHFRPPXQLFDWLRQVXIIHUVDQLQFUHDVHGEXWDFFHSWDEOHSDFNHWORVVUDWH)LJ G
D E
F G
)LJ &RPPXQLFDWLRQSHUIRUPDQFHLQ$&.GLVDEOHGPRGHZLWKDPVSHULRG DQG  % SDFNHWVL]HEPVSHULRG DQG  % SDFNHWVL]H
FPVSHULRG DQG  % SDFNHWVL]HDQGGPVSHULRG DQG  % SDFNHWVL]H
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7KH VDPHFRQGLWLRQVFDQEHDFKLHYHG LQ $&.HQDEOHGPRGHZLWK WKH SUHYLRXVO\XVHGSDUDPHWHUV,QWKLVFDVH WKH
SDFNHW ORVV UDWH LV VLJQLILFDQWO\GHFUHDVHG E\ WKH UHWUDQVPLVVLRQV EXW WKH VLGH HIIHFW RI WKH UHWUDQVPLVVLRQV LV WKH
KLJKMLWWHUDQGMLWWHUYDULDWLRQ7KHSDFNHWUHWUDQVPLVVLRQVDSSHDULQWKHPHDVXUHGUHFHLYHMLWWHUV LQ WKH IRUPRI XSWR
WHQIROG LQFUHDVHV VHHDQG)LJXUHDDQG EVKRZVWKDWWKHLQFUHDVHRIWKHSDFNHWVL]HVDOVR LQFUHDVH
WKHUHWUDQVPLVVLRQUDWHEXWWKHSDFNHWORVVUDWHLVQRWDIIHFWHG7KHSDFNHWUHWUDQVPLVVLRQUDWH FDQ DOVR EHLQFUHDVHG
E\ GHFUHDVLQJWKHVHQGLQJSHULRG)LJDDQGG 7KHKLVWRJUDPRIWKHPHDVXUHGUHFHLYHMLWWHU VKRZQLQ )LJ G
KLJKOLJKWV WKH QXPEHU RISDFNHWVWUDQVPLWWHGRQWKHILUVWWU\MLWWHUEHWZHHQ DQGXVDQG WKHQXPEHURI
SDFNHWVWUDQVPLWWHGZLWKUHWUDQVPLVVLRQV MLWWHUZLWKDEVROXWHYDOXHJUHDWHUWKDQXV
D E
F G
)LJ &RPPXQLFDWLRQSHUIRUPDQFHLQ$&. HQDEOHGPRGHZLWKDPVSHULRG DQG  % SDFNHWVL]HEPVSHULRG DQG  % SDFNHWVL]H
FPVSHULRG DQG  % SDFNHWVL]HDQGGKLVWRJUDPRIWKHMLWWHULQWKHFDVHRIPVSHULRGDQG % SDFNHWVL]H
,QWKHVHFRQGSKDVH ZH DQDO\]HG WKHHIIHFWVRQ WKHFRPPXQLFDWLRQSHUIRUPDQFH ZKHQDVHFRQGSDLURISHULRGLF
FRPPXQLFDWLRQIORZDSSHDUVRQWKHVDPHIUHTXHQF\FKDQQHORIWKH,(((FRPPXQLFDWLRQPHGLXP
7KHSUDFWLFDOPHDVXUHPHQWVSURYHWKDW D UHOLDEOHFRPPXQLFDWLRQSHUIRUPDQFHFDQEHDFKLHYHGXVLQJWZRSDLUVRI
ELGLUHFWLRQDOSHULRGLFGDWDIORZVRQWKHVDPHFKDQQHOZLWKPVSHULRGDQG%SDFNHWVL]H7KH DGGLWLRQ RIWKH
VHFRQGSDLURIFRPPXQLFDWLRQQRGHV RQO\ DIIHFWVWKHUHWUDQVPLVVLRQUDWHRIWKHFRPPXQLFDWLRQFKDQQHOVZKLFKFDQ
EHH[WUDFWHGIURPWKHPHDVXUHGMLWWHUYDOXHV)URPWKHKLVWRJUDPV RI WKHMLWWHULQWKHFDVHRIRQH)LJDDQGWZR
FRPPXQLFDWLRQSDLUV )LJE LW FDQEHFRQFOXGHG WKDWZLWK WKH DGGLWLRQ RI WKH VHFRQGFRPPXQLFDWLRQSDLU WKH
QXPEHURI KLJKHUYDOXHG MLWWHUVJURZV PHDQLQJWKDW WKHUHWUDQVPLVVLRQUDWHJURZV
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D E
)LJ 7KHKLVWRJUDPRIWKHMLWWHULQWKHFDVHRIPVSHULRGDQG % SDFNHWVL]HIRUDRQHELGLUHFWLRQDOSHULRGLFIORZDQGIRU
EWZRSDUDOOHOELGLUHFWLRQDOSHULRGLFIORZV
,QWKH FDVHRIWZRSDLUVRIFRPPXQLFDWLRQQRGHVZLWKELGLUHFWLRQDOSHULRGLFWUDIILFDQGGLIIHUHQWSDFNHWVL]HV SHU
SDLUWKHSDLUZLWKWKHVPDOOHVWSDFNHWVL]HVXIIHUV D SHUIRUPDQFHGHJUDGDWLRQ DV SURYHGE\WKH H[SHULPHQWDOUHVXOWV
VKRZQLQ)LJ,QWKHVHH[SHULPHQWVLQFDVHDWZRSDUDOOHOSHULRGLFIORZVDUHVWDUWHGILUVWZLWKPVSHULRGDQG
%SDFNHWVL]HDQGDIWHUVDVHFRQGSDLULVVWDUWHG RQWKHVDPHFRPPXQLFDWLRQFKDQQHO ZLWKWKHVDPHSHULRGEXW
ZLWK%SDFNHWVL]H,QFDVHE WKH IORZ ZLWKD SDFNHWVL]H RI% LVVWDUWHGILUVWDQGLWLVSHUWXUEHGE\DSDUDOOHO
FRPSHWLWLYHGDWDIORZ ZLWKDSDFNHWVL]HRI %
D E
)LJ  3HUIRUPDQFHRIWZRSDUDOOHOELGLUHFWLRQDOSHULRGLFGDWDIORZV ZLWKPVSHULRGDQGD % DQGE % SDFNHWVL]H
$IWHU DQDO\VLQJ WKH PHDVXUHPHQWV LW FDQ EH VWDWHG WKDW WKH KLJKHVW WKURXJKSXW ZLWK WKH ,((( 
FRPPXQLFDWLRQZLWKJRRGFRPPXQLFDWLRQSHUIRUPDQFHVFDQEHDFKLHYHGZLWKD VLQJOHSDLURIGDWD IORZV RQH LQ
HDFKGLUHFWLRQEHWZHHQWZRFRPPXQLFDWLRQQRGHVZLWKFRQVWDQW VHQGLQJ SHULRGDQGSDFNHWVL]H
%DVHG RQ WKLV FRQFOXVLRQ ZH SURSRVH WKDW LQ D FRPSOH[ VHQVRU QHWZRUN WKDW LV EDVHG RQ WKH ,((( 
FRPPXQLFDWLRQ VWDQGDUG WKH SDUDOOHO SHULRGLF GDWD IORZV EHWZHHQ WZR FRPPXQLFDWLRQ QRGHV VKRXOG EH VHQW DV
IROORZV
x (YHU\SHULRGLFVHQVRUGDWDVWUHDP WKDWLV WREHVHQWLQDSDUDOOHOPDQQHU KDVWREHFROOHFWHGLQWKHVDPHVHQGHU
FRPPXQLFDWLRQQRGH
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x 7KHFROOHFWHGSDFNHWVKDYHWREHIHGLQDVLQJOHZDLWLQJTXHXH
x 3DFNHWVKDYHWREHJURXSHGDQGVHQWSHULRGLFDOO\ IURPWKHZDLWLQJTXHXH VXFKWKDWWKHSUHVFULEHGSDFNHWVL]HLV
DFKLHYHG
x 2QWKHUHFHLYHUVLGHWKHSDFNHWVKDYHWREHVHSDUDWHGLQWRLQLWLDOVHQVRUGDWDVWUHDPV
8VLQJ WKLVSDUDOOHOGDWD WUDQVPLVVLRQ WHFKQLTXH LQFUHDVHV WKH WKURXJKSXWRI WKHVHQVRUQHWZRUNE\DYRLGLQJ WKH
QHWZRUNSHUIRUPDQFHGHJUDGDWLRQVFDXVHGE\ WKHFRPSHWLWLRQEHWZHHQ WKHSDUDOOHOGDWDVWUHDPV LQ LQWHUIHUHQFH ,W
DOVR GHFUHDVHVWKHLQVWDOODWLRQFRVWV E\UHGXFLQJ WKHQXPEHURIFRPPXQLFDWLRQPRGHPV WKDWDUH UHTXLUHG
 &RQFOXVLRQV
,QWKLVZRUNZHUHDOL]HGDQH[WHQGHGSHUIRUPDQFHDQDO\VLVRIUHDOOLIHVFHQDULRVIRUSHHUWRSHHUFRPPXQLFDWLRQ
EHWZHHQ WZRQRGHVRID VHQVRUQHWZRUNXVLQJ WKH ,(((FRPPXQLFDWLRQVWDQGDUG7KLVZDVDFKLHYHG E\
XVLQJ DGLVWULEXWHGDSSURDFKWRPRQLWRU WKH SDUDPHWHUVLQUHDOWLPH
7KHPHDVXUHPHQWVSURYHWKDWWKH,(((VWDQGDUGSURYLGHVDZLUHOHVVFRPPXQLFDWLRQPHFKDQLVPZKLFK
FDQ EH XVHG IRU KLJK IUHTXHQF\ SHULRGLF ELGLUHFWLRQDO FRPPXQLFDWLRQ DOVR LQ WKH SUHVHQFH RI UHGXFHG RU UHJXODU
FRPSHWLWLYHSDUDOOHOWUDIILFZKLFKFDQEHXVHGIRUFORVHGORRSFRQWURO IRUH[DPSOH
%DVHG RQ WKH PHDVXUHPHQWV ZH SURSRVH D GDWD WUDQVPLVVLRQ WHFKQLTXH WKDW LQFUHDVHV WKH WKURXJKSXW DQG WKH
VWDELOLW\ RIWKH V\VWHP DVD ZKROH
$FNQRZOHGJHPHQWV
7KH UHVHDUFK ZRUNRI +XQRU 6iQGRU ZDVVXSSRUWHGE\WKH (XURSHDQ8QLRQ DQGWKH 6WDWHRI+XQJDU\FRILQDQFHG
E\ WKH (XURSHDQ 6RFLDO )XQG LQ WKH IUDPHZRUN RI 7È023$   µ1DWLRQDO ([FHOOHQFH
3URJUDP¶ 7KHUHVHDUFKZDVSDUWLDOO\VXSSRUWHGE\WKH)XWXUH ,QWHUQHW5HVHDUFK 6HUYLFHVDQG7HFKQRORJ\7È023
&.219UHVHDUFKJUDQW
5HIHUHQFHV
>@ ,(((6WDQGDUGIRU,QIRUPDWLRQWHFKQRORJ\  7HOHFRPPXQLFDWLRQVDQGLQIRUPDWLRQH[FKDQJHEHWZHHQV\VWHPV  /RFDODQGPHWURSROLWDQDUHD
QHWZRUNV  6SHFLILFUHTXLUHPHQWV3DUW:LUHOHVV0HGLXP$FFHVV&RQWURO0$&DQG3K\VLFDO/D\HU3+<6SHFLILFDWLRQVIRU/RZ
5DWH:LUHOHVV3HUVRQDO$UHD1HWZRUNV:3$1V ,(((&RPSXWHU6RFLHW\
>@ =LJ%HH6WDQGDUGV2QOLQH KWWSZZZ]LJEHHRUJ6WDQGDUGV2YHUYLHZDVS[/DVWDFFHVV
>@ %DURQWL3 3LOODL 3&KRRN9:& &KHVVD6*RWWD$ )XQ+X<:LUHOHVV VHQVRUQHWZRUNV$VXUYH\RQWKHVWDWHRIWKHDUWDQGWKH
DQG=LJ%HHVWDQGDUGV &RPSXWHU&RPPXQLFDWLRQVVSHFLDOLVVXH :LUHG:LUHOHVV,QWHUQHW&RPPXQLFDWLRQV YRO  QR SS 

>@ :LOKHOP 0/HQGHUV96FKPLWW -% $Q$QDO\WLFDO 0RGHORI3DFNHW&ROOLVLRQVLQ,(((:LUHOHVV1HWZRUNV &RPSXWLQJ5HVHDUFK
5HSRVLWRU\
>@ 3ROOLQ6 (UJHQ0 (UJHQ6 %RXJDUG% 'HU3HUUH/ 0RHUPDQ, %DKDL$ 9DUDL\D3 &DWWKRRU) 3HUIRUPDQFH$QDO\VLVRI6ORWWHG&DUULHU
6HQVH,((( 0HGLXP$FFHVV/D\HU:LUHOHVV&RPPXQLFDWLRQVYROQRSS
>@ =KHQJ - /HH 0- $&RPSUHKHQVLYH3HUIRUPDQFH6WXG\RI,(((,(((3UHVV
>@ .RXEDD$$OYHV07RYDU( $&RPSUHKHQVLYH6LPXODWLRQ6WXG\RI6ORWWHG&60$&$ IRU ,(((:LUHOHVV6HQVRU1HWZRUNV
,(((,QWHUQDWLRQDO:RUNVKRSRQ)DFWRU\&RPPXQLFDWLRQ6\VWHPV SS
>@ %UXQHOOL ' 0DJJLRURWWL 0 %HQLQL / %HOOLIHPLQH )/ $QDO\VLV RI $XGLR 6WUHDPLQJ &DSDELOLW\ RI =LJEHH 1HWZRUNV :LUHOHVV 6HQVRU
1HWZRUNV/HFWXUH1RWHVLQ&RPSXWHU6FLHQFHYROSS
>@ .D]HPLDQ+%2XD]]DQH . 1HXUR)X]]\ DSSURDFK WR YLGHR WUDQVPLVVLRQ RYHU =LJ%HH1HXURFRPSXWLQJYROSS
>@ ;%HH6GDWDVKHHW2QOLQH KWWSIWSGLJLFRPVXSSRUWGRFXPHQWDWLRQB3SGI/DVWDFFHVV 
>@ 'LJL ,QWHUQDWLRQDO ,QF .QRZOHGJH %DVH $UWLFOH 6HQGLQJ GDWD WKURXJK DQ  QHWZRUN ODWHQF\ WLPLQJ 2QOLQH
KWWSZZZGLJLFRPVXSSRUWNEDVHNEDVHUHVXOWGHWO"LG /DVWDFFHVV 
